There is an expanding literature on multidimensional poverty measurement. Even though the theoretical foundations of the …eld are well-developed, there are only a few empirical papers on developing countries, especially on the comparison of di¤erent measures. This paper applies a decomposable multidimensional measure developed by Alkire and Foster (2007) to a cross-sectional dataset on South Africa. This measure allows for decomposition of …nal outcome into the dimensions used. Furthermore, South Africa provides an interesting case study as the country is renowned for its high income-inequality rate. The contribution of the paper is to draw signi…cant policy implications when a decomposable multidimensional measure is used as opposed to measures that are either multidimensional but not dimensionally decomposable or unidimensional. Speci…cally, it evaluates the current policy-making mechanism in South Africa at the provincial level and suggests further improvements by using the Alkire-Foster measure.
Introduction
Even if attempts to quantify poverty date back to the beginning of the last century (Rowntree, 1901) , it is relatively new to investigate deprivation as a multidimensional phenomenon rather than a unidimensional one based on income (and later, expenditure) data. As pioneers such as Amartya Sen stresses in his work (Sen 1976 (Sen , 1982 (Sen , 1985 (Sen , 1992 , the well-being of an individual cannot merely be explained by the income of that individual. The assumptions such as speci…cation of cardinal utility functions, complete markets (Bourguignon and Chakravarty, 2003) , no externalities or public goods and no increasing returns to scale should all hold for income to be a robust indicator of individual welfare (Klasen, 2000) . Furthermore, the policy implications of unidimensional measures are limited as they provide limited information about the standard of living in a particular context. This paper has two main contributions: investigating the provincial deprivation rankings obtained by using three families of poverty measures and developing a revenue allocation framework that suggest precise revenue allocations for each of the ten well-being dimensions considered in the South African context. Alkire and Foster (2007) (AF measure, henceforth) have developed a family of decomposable multidimensional measures analogous to the Foster, Greer and Thorbecke (1984) family (FGT measure, henceforth). In addition to these two families, this paper investigates the Anand-Sen (AS measure, henceforth) family of measures (of which Human Poverty Index [HPI] is a special case) to rank the nine provinces of South Africa based on their deprivation levels. A number of previous studies on poverty and inequality decomposition in South African context proved to be useful for policy-making purposes (see, for example, Liebbrandt et al. [2000] and Alderman et al. [2003] ) and this paper applies another decomposition method with direct policy implications. Each measure suggests di¤erent, albeit similar, rankings where the di¤erence is less signi…cant between the two multidimensional measures.
Furthermore, a framework based on the AF measure has been developed in order to allocate provincial revenues. Revenue allocations across South Africa in line with the Provincial Equitable Shares (PES) scheme have been compared with the allocations suggested by a framework developed here based on the AF measure. Finally, policy-implications of the scheme based on the AF measure have been further evaluated at the provincial-governance level. This exercise allows us to check the value-added of a decomposable multidimensional measure. The ability to decompose the results according to the well-being dimensions, provinces and population groups was a signi…cant feature of the AF measure that allowed us to derive precise policy implications and revenue allocation schemes. Streeten (1981) pioneered the Basic Needs Approach (BNA) where he suggests …ve dimensions of development. These dimensions make up the entire list of "core" dimensions and half of the list of "extended" dimensions used in this paper. Amartya Sen's Capability Approach (Sen, 1999 ) stresses the fact that there is more to poverty than lack of income and has often been used in the literature as the underlying framework of multidimensional poverty analysis (see, for example, Klasen [2000] ). I have bene…ted from both 1 of these schools of thought in selecting dimensions and indicators. I have also employed the Principal Component Analysis (PCA) to assign dimension weights based on the empirical relationship between dimensions and the deprivation measure. The principal component is the background variable contained in all dimensions that accounts for the largest variance in all ten dimensions used here.
The Millennium Development Goals (MDGs) provide a framework used to stimulate attention and guidance for the poverty reduction process all over the world. There are eight main goals which can be divided into numerous targets and indicators, all aiming to halve the di¤erent aspects of poverty by the year 2015 (The United Nations Development Report 2008). This framework has also in ‡uenced the selection of a number of cuto¤s in this paper, with a view to increasing the comparability of this study with other empirical work (see, for example, Klasen [2008] ).
Families of Poverty Measures

Foster,Greer and Thorbecke (1984) Family
Motivated by the importance of decomposability for policy-makers, the FGT measure uses the deprivation gap of each individual as her shortfall weight and can be generalised as:
where P is the generalised FGT measure, is the power of the FGT measure used, Y is the q 1 achievement vector where y i is the achievement (expenditure) of household i ( i = 1; :::; q), f is the predetermined poverty line (cut-o¤ level), q = q(y; f ) is the number of poor households, and N = N (y) is the total number of households (where q N ). y can be broken down into subgroup income vectors y (1) ; :::; y (m) ,
The quantity N j N P (y (j) ; f ) can be interpreted as the total contribution of subgroup j to overall poverty. Depending on the non-negative value that takes, the FGT measures take di¤erent names and satisfy di¤erent axioms. If = 0, the headcount ratio (H), which shows the share of poor individuals in the total population, can be obtained. When = 1, equation (1) reduces to the normalised poverty gap (G), which sums up the individual deprivations and divides the result by the product of total population and the poverty line. If = 2 is chosen, the average of squared normalised shortfalls, P 2 , is the result.
All FGT measures satisfy core axioms (such as decomposability, symmetry, replication invariance and subgroup inconsistency). In this paper, expenditure of households on transport, housing, clothing, food, personal appearance and "other" items (for the month before the survey was held) have been summed up as an overall cardinal 'expenditure'variable to which three traditional FGT measures have been applied for comparison purposes.
Anand and Sen (2003) Family
The second measure of interest is the Anand-Sen family of measures, which allows for multidimensionality but is not decomposable. Following the technical notes of Human Development Report 1997 which have been further exploited by Anand and Sen (2003) 2 , the AS measure (see Qizilbash 2004) can be written as follows :
where P d is the headcount ratio of dimension d ( d = 1; :::; D), w d is the weight assigned to dimension d and is the power of the AS measure. The Human Poverty Index is the power mean of order three of the AS measure.
Alkire and Foster (2007) Family
Before moving on to the next family of measures, it may be useful to summarise the identi…cation procedure in a multidimensional setting. There are three approaches associated with the identi…cation of poor households in the presence of multidimensionality. These are the union, intersection and counting approaches 3 . Let k be the 'across-dimension cut-o¤'(where k = 1; :::; D). That is, k shows the total number of dimensions a household should be deprived in, in order to be considered multidimensionally poor. The union approach is when k = 1. This approach is seen as over-inclusive 4 by Alkire 2 Anand and Sen (2003) draw on the notion that a measure should focus merely on the poor for a better accounting of the development process, so that "lack of progress in reducing the disadvantages of the deprived cannot be 'washed away'by large advancesno matter how large -by the better-o¤ people". In addition, as the income dimension by itself is not capable of representing the vital aspects that have a crucial impact on the living standard of the individuals, multidimensionality was a need rather than a luxury. This deprivation-based approach has led to HPI, which is criticised for its arbitrariness (Krishnaji 1997 , Bibi 2002 . Along the same lines, Sen himself accepts the "vulgarity" of the Human Development Index but claims that the reason for that vulgarity, its simplicity, is also its main attraction (Qizilbash 2006, pp.248 ).
and Foster (2007) since an individual may be deprived in a certain dimension due to personal reasons (norms, beliefs etc.) rather than lack of opportunity (Alkire and Foster, 2007) . On the other hand, the intersection approach is when an household is considered as poor if the household is deprived in all the dimensions that are considered (i.e. k = D). Analogously, this approach is seen as under-inclusive by Alkire and Foster (2007) , as deprivation in certain dimensions may be enough to have a standard of life that is unacceptable. Finally, the Alkire-Foster (AF ) measure o¤ers us the option to pick an intermediate across-dimension cut-o¤ (1 k D) which is called the counting approach.
Following the standard notation in the literature (see Alkire and Foster, 2007) , the set up consists of an N D achievement matrix X where a typical element of this achievement matrix 5 , x id , indicates the achievement of household i ( i = 1; :::; N ) in dimension d ( d = 1; :::; D), given D 2. The cut-o¤ vector Z is a 1 D vector where z d is the 'within-dimension cut-o¤ level'for dimension d, which separates poor households (with x id < z d ) from non-poor ones (with x id z d ). A dictomised deprivation matrix g 0 can be obtained by using binary values 0 (if
Many poverty measures require cardinal data, which leads to a cardinalisation of ordinal data that does not have an absolute zero. However, the AF measure uses a dictomisation 6 technique for a robust treatment of ordinal data 7 . Consequently, a separate N 1 column vector C is used to accumulate the information on individual deprivations across dimensions. A typical element of this vector, c i , indicates the total number of deprivations 5 The row vector x i: corresponds to the achievements of household i in each dimension whereas the column vector x :d shows each individual achievement in a particular dimension d. 6 This comes at a cost, as the poverty gap information (distance between the individual achievement level and the cut-o¤) is forgone. For example, in this paper, a household with a house made of mud and cement has received the same treatment with a household which has a house made of mud only -they are both poor. Likewise, a household with a house made of bricks has been treated as non-poor just as one living in a house made of zinc. 7 If cardinal data is thought to be appropriate for this analysis and is available, a normalised gap matrix, g 1 , would be more appropriate to save the additional information that would have been lost in g 0 . In this case, deprivation-matrix elements of the poor would take values such as (z d x id )=z d if (x id < z d ) and zero otherwise as before, therefore 0 x id 1. This and higher powers ( > 0) of the matrix (g ) can be labelled as the normalised gap matrices. 7 experienced by the i th household and can be written as follows:
where g 0 id is a typical element of the g 0 matrix. As x id should be smaller than z d for a household to be considered as deprived in a given dimension, c i should be equal or larger than k to conclude that a household is poor multidimensionally. Accordingly, the g 0 matrix can be censored by replacing the non-poor nth household's 1 D vector with a vector of zeros 8 . As the goal is to focus on the poor households only, these censored deprivation matrices 9 are essential in developing the AF measure.
The seminal paper by Sen (1976) criticises the headcount ratio for not satisfying core axioms such as monotonicity and transfer. In a multidimensional setting, the concern about the monotonicity axiom (de…ned by Sen as "given other things, a reduction in income of a person below the poverty line must increase the poverty measure") is extended to dimensional monotonicity. Brie ‡y, this is the requirement that, for a poor person, a new deprivation in a previously non-deprived dimension should increase the overall poverty level.
Let q k be the number of multidimensionally poor households. Therefore, the headcount ratio H = q k =N is de…ned by a dual cut-o¤ identi…cation approach as shown previously. H shows the incidence but it does not satisfy monotonicity or dimensional monotonicity axioms. To overcome the violation of dimensional monotonicity, the vector of deprivation counts C needs to be censored in order to focus on the poor 10 . As 0 c i D, c i (k)=D is the individual deprivation share of each household whereas the deprivation average among the poor (A) is:
A shows the total number of deprivations out of all the possible deprivations a household may experience. Therefore, its product with H, M 0 , takes into account the changes in the number of deprivations the poor households experience, unlike its unidimensional counterpart. Hence, it can be used with ordinal data and overcomes the problem of dimensional monotonicity 11 . As M 0 is the only robust measure in the Alkire-Foster family that satis…es a number of the important axioms while producing consistent results with ordinal data, we employed this measure in our analysis. For the argument of this paper, the crucial axiom it satis…es is the decomposability axiom (see the de…nition in the Appendix section 9.2).
Dimensional weighting is a signi…cant aspect of multidimensional analysis since depending on the context of the study, unequal weights might be more appropriate than equal (unitary) weights for each dimension. The AF measure can easily be adjusted for unequal weighting through elements of the generalised gap matrix:
where
Therefore, if certain dimensions are thought to be more important than others in a particular setting, this can easily be applied to the AF measure being used as shown above.
Data
This paper uses the General Household Survey (GHS) 2007 data, obtained from Statistics South Africa (SSA) website (http://statssa.gov.za/). The GHS is an annual and nationally representative survey, and the observations are selected based on a probability survey. The GHS 2007 survey mainly focuses on education, health, work and unemployment, housing, and access to services and facilities by conducting interviews with 29,280 households 12 from all nine provinces of South Africa.
A multi-stage strati…ed area probability sample design was used. Strati…cation was done per province (nine provinces) and according to district council (DC) (53 DCs) within provinces. These strati…cation variables were mainly chosen to ensure better geographical coverage, and to enable analysts to disaggregate the data at DC level.
The design included two stages of sampling. Firstly PSUs were systematically selected using Probability Proportional to Size (PPS) sampling techniques. During the second stage of sampling, Dwelling Units (DUs) were systematically selected as Secondary Sampling Units (SSUs). A PPS sample of PSUs was drawn in each stratum, with the measure of size being the number of households in the PSU. Altogether approximately 3 000 PSUs were selected. In each selected PSU a systematic sample of ten dwelling units was drawn, thus, resulting in approximately 30 000 dwelling units. All households in the sampled dwelling units were enumerated.
Out of these 29,280 available observations, I have eliminated another 21 as they were not informative on the dimensions considered here; hence, 29,259 observations have been used for poverty measurement in total. By using the given population weights, these observations represent around 13,246,000 households. Due to the nature of the matrix calculations and data availability, the AF measure underestimates poverty but this bias is no higher than half a percentage point in any case. Analogously, for the FGT measures, I have eliminated the households who have not indicated a value for at least one of the …ve consumption dimensions.
The population weights have been assigned based on the inclusion probability of the PSU and the household-inclusion probability per PSU. The intention is to represent the total population in South Africa. These assigned weights have been used in the analysis following the General Household Survey report. Applying unitary weights gives similar results as the sample size is large. The descriptive statistics of the data have been reported in Table 1 . On average, at least half of the members of the household who are aged between 15-64 did not do any work for a wage, salary, commission or payment in kind (including domestic work) in the last seven days AND they do not have a job, business or other economic activity or farming activity that they will definitely return to (and NOT if, on average, at least half of the members of the household who are aged between 15-64 did some work for a wage, salary, commission or payment in kind in the last seven days OR even if they did not, they have a job, business or other economic activity or farming activity that they will definitely return to) Data Source: GHS (2007) * Principal Component Analysis **Basic Needs Approach Note 1: For each dimension listed, the minimum is zero and the maximum is one. Note 2: The weights shown in this table are valid for the extended list used in this paper. For the core list, equal weights have been assigned to each dimension. Table 1 reports the descriptive statistics, dimension cut-o¤s and alternative weighting schemes used in this paper. The following part (in combination with Table 1 ) brie ‡y explains the speci…c adjustments made to particular indicators considered in this paper. As far as possible, within-dimension cut-o¤s of these dimensions have been assigned based on Klasen's paper on multidimensional poverty in South Africa for comparability (Klasen 2000, pp.40) .
The quality of walls is an imperfect indicator of the shelter dimension, the source of drinking water for the water dimension, the type of toilet for the sanitation dimension, phone availability for the social participation dimension, the proximity of the nearest clinic or hospital for the health dimension and the ratio of working-age adults for the employment dimension. These are well-accepted indicators that are frequently used in the related literature on South Africa (see, for example, Klasen [2000] , Qizilbash [2004] and Alkire [2007] ). These indicators are selected primarily on the basis of data availability.
Years of education is one of the most widely used indicators of the education dimension in the multidimensional poverty measurement as it has intrinsic and instrumental value and may not be re ‡ected accurately by the income level of the household. This indicator has been formed by taking the average of the years of education of the household members over age 16 with a cut-o¤ of Grade 7/Standard 5, indicating the completion of primary school. As an indicator, years of education is vulnerable to cases where a student repeats a year of primary education. In order to alleviate this problem, I have considered household members over 16 rather than 13, which is the usual completion age of primary education.
Total expenditure is an indicator of the …nancial wealth dimension that may not be captured fully by including other dimensions. It has an instrumental value as well as an intrinsic value as a (albeit controversial) socialstatus indicator. Di¤erent municipalities use di¤erent poverty lines (for PPPadjusted values of 800 Rands, 1600 Rands and 2400 Rands, see Woolard and Leibbrandt [2006] ) and therefore, the expenditure level of R1200 I have used in this paper falls between the lowest and middle poverty lines. Adjusted "$1-a-day" and "$2-a-day" poverty lines can be found in the Appendix to see where the poverty line used in this paper stands in comparison to them (for a similar approach, see Ozler [2007] ).
The hunger indicator is an imperfect proxy for the nutrition dimension and captures the availability of food for adults (above 18) within the household. In this case, data on children (below 17) are not used as it had a low response rate. As traditional measures such as body mass index (BMI) 13 were not provided, we relied on the respondent's answer to a speci…c question about this vital dimension. The household is considered as deprived in the nutrition dimension if "in the last 12 months, any adult (18 years and above) in this household sometimes, often or always went hungry because there wasn't enough food (and non-deprived if, in the last 12 months, any adult (18 years and above) in this household never or seldom went hungry because there wasn't enough food)". It is problematic in the sense that the de…nition of hunger is subjective. However, the only alternative we had was expenditure data on food which seemed more problematic as di¤erent people have di¤erent dietary needs and the type of food bought with this expenditure amount is not known. Use of the hunger indicator is quite wide-spread 14 . A physical harassment indicator is an imperfect indicator of the safety dimension. It is based on data indicating if any member of the household has been exposed to a list of di¤erent harassment types over the past 12 months. Nussbaum (2003) has de…ned a list of capabilities where the "bodily integrity" element could be associated with the indicator I used here. Nussbaum (2005) stresses the importance of this dimension further by providing real-life examples and elaborates how such an important dimension is under-reported and under-exposed in related work. In his study on poverty in South Africa, Klasen (2000, pp.40) uses "perception of safety inside and outside of the house, compared to 5 years ago" as his safety indicator due to a lack of alternatives. Streeten (1981, pp.61) suspects that people would highly prioritise personal safety, which is not included in the …ve core dimensions on his list. Due to data limitations, I conclude that the physical harassment indicator used here was the most appropriate choice for the safety dimension in this paper. The harassment indicator is used as a proxy for the safety dimension in a number of studies 15 . In order to address the normative aspect of the dimension selection as well as for sensitivity analysis, we develop two lists of dimensions; one that covers …ve 'core'dimensions relating to basic needs following Streeten (1981) and another 'extended' list that covers an additional …ve dimensions that have been previously cited 16 in the literature. The BNA employed in Streeten's work emphasises …ve core dimensions, namely shelter, water and sanitation 17 , education, nutrition and health (Streeten 1981 , pp. 61). Streeten argues that these dimensions are the starting point to improve the living conditions of the poor so that they can live a "full life". He argues that it is hard to imagine a society that does not list these …ve dimensions as basic, even if each person would not provide an identical list of basic needs when asked. Qizilbash (1996 pp. 1212) claims that there is a considerable agreement on this list.
The Capability Approach of Amartya Sen has a similar broader de…nition of poverty where income does not, on its own, provide adequate information on the standards of living (see, for example, Sen 1999, pp. 87-88). There is no …xed (or generally-accepted) list of capabilities and therefore core capabilities have not been identi…ed explicitly by Sen. However, these …ve dimensions have been listed as …ve core capabilities in the literature. Klasen (2000) lists them as …ve of seven core dimensions of well-being used in applying the Capability Approach in the South African context. The extended list used here consists of the …ve core dimensions as well as sanitation, social participation, …nancial wealth, safety and employment dimensions. Table 2a provides the correlation matrix for the dimensions listed in Table 1. Considering the signi…cant normative component in multidimensional poverty measurement, robustness analysis is vital to ensure that results are as insensitive as possible to changes in cut-o¤ and dimension selection. The Pearson correlation coe¢ cient, which computes linear correlation among the dimensions, reveals that only one coe¢ cient is above the 0.3-level (out of 45). This is a good sign as it indicates that di¤erent well-being indicators do not overlap, or replicate information. A particularly striking example is the sexual/physical harassment indicator, which proxies for the safety dimension, with a maximum correlation coe¢ cient of 0.06 (with hunger) and virtually zero with six other dimensions. Thorbecke (2008) . 17 Drinking water is used as an indicator to represent the water and sanitation dimension in the core list whereas sanitation dimension has a seperate indicator in the extended list here. choice of the across-dimension cut-o¤ k can be crucial and there is not a generally-agreed method for identifying the optimal k. A similar correlation matrix to the one above reveals the fact that di¤erent choices of k lead to highly correlated results in provincial rankings (the lowest correlation coef…cient was 0.87 between k = 3 and k = 8). Here, k = 1 is used for the core list as each one of these dimensions are essential to have an adequate standard of living and k = 3 has been used for the extended list, which leads to a multidimensional headcount ratio of around 42%. However, as shown in Table 2b , the choice of k is not extremely signi…cant here as it hardly a¤ects the overall rankings in the South African context.
13
Assigning weights to dimensions is another essential part of poverty measurement and is often done arbitrarily. As discussed in the literature, the main justi…cation for the use of the equal-weights assumption is the lack of any obvious alternative (see, for example, UNDP 2008, pp. 3). The dimension weights in the application of the core list were equal as these …ve dimensions are all very important and their importance is about the same 18 . However, in the application of the extended list, as D is relatively high, equal weights would put equal importance on each dimension, which is not necessarily sensible. Therefore, I have employed three ways of assigning dimension weights for the full extended list of ten dimensions.
One was to derive the weights by Principal Component Analysis (PCA) (see Klasen, 2000) . To equalise the sum of weights with the total number of dimensions, I have multiplied each weight by a …xed constant so that the proportional ratios of PCA weights remain una¤ected. The following weights were derived for each indicator: housing (1.07), drinking water (0.86), sanitation (0.73), home/cell phone (1.12), education (1.44), hunger (0.61), household expenditure (1.50), physical/sexual harassment (0.15), health (1.23) and employment (1.29), as shown before in Table 1 . As Klasen (2000, pp. 39) indicates, the low coe¢ cient driven by PCA for physical/sexual harassment indicator, which proxies for the safety dimension, should not suggest that safety is relatively less important than the other dimensions.
In a second exercise, I have assigned higher weights for the …ve core dimensions suggested by Streeten (1981) , namely shelter, water, education, nutrition and health, and divided the rest among the other …ve dimensions equally. As the sum of weights should be equal to the number of total dimen-sions, the weights given to each of these core dimensions were about three times each of the other …ve dimensions (a weight of 1.5 has been given each of the …ve core dimensions and [10-(1.5*5)] / 5 = 0.5 is given to each of the other …ve dimensions). As k = 3 is used for the extended list of dimensions throughout the paper, this weighting scheme indicates that deprivation in two basic needs is required to consider a household as poor (rather than one as in the core list, as more deprivation possibilities have been considered in the extended list). Also, if a household is not deprived in any of the …ve core dimensions, it cannot be considered as poor even if it is deprived in all the remaining dimensions.
Finally, for completeness, results obtained using equal dimension weights have been reported as well. The provincial ranking obtained by PCA weights is identical with equal-weight ranking and the ranking obtained by BNA weights are identical with core-list ranking, the only di¤erence between these two groups of rankings being the order of Limpopo and KwaZulu-Natal provinces. Therefore, weights hardly a¤ect the overall picture in this paper.
Empirical Results
This section elaborates on the empirical results obtained by using the FGT measure and compares the provincial rankings based on the three family of measures employed in this paper. Table 3a shows the result of the poverty measurement using the FGT measure, using the poverty lines suggested by Woolard and Leibbrandt (2006) , as South Africa does not have an o¢ cial national poverty line. These are the PPP-adjusted values of P L 1 = 800 Rands; P L 2 = 1600 Rands and P L 3 = 2400 Rands (Technical notes on the adjustment process can be found in the Appendix, section 9.1). There are a small number of variations in the rankings, given in Table 3b , when different poverty lines have been used. In the rankings, "1" is given to the least-deprived province ("2" is given to second least-deprived) whereas "9" is assigned to the most-deprived province ("8" is assigned to second mostdeprived). For every poverty line, Western Cape is the province with lowest number of poor households, lowest level of average poverty gap and the lowest level of average squared poverty gap, followed by Gauteng whereas Limpopo and the Eastern Cape are on the other end of the spectrum.
Most of the ranking variations in terms of the measures can be observed in the mid-ranking provinces. KwaZulu-Natal is an interesting example as, by using P L 1 , it is sixth among nine provinces in terms of H (…rst being the least-deprived), however, it is only third in G and P 2 . This implies that a large share of people in KwaZulu-Natal are under the lowest poverty line P L 1 but a good number of these poor people are just under the line. This is the case as KwaZulu-Natal's average gap and average squared gap are smaller than those of other provinces which have fewer poor people by using P L 1 . A reverse case can be observed in the rankings of Free State, as the province is …fth in H but seventh in the other FGT measures under P L 1 . Even though the observed patterns are similar, under higher poverty lines, the place of Free State improves in rankings. This implies that a large number of the expenditure-deprived inhabitants of this province are grouped at the very bottom of the expenditure scale. By using P L 1 , female-led households are relatively better-o¤ than male-led households in Northern Cape whereas the opposite is true for North West. Clearly, extremely close (as close as 0.13%, in some cases) H values are the key for these variations, which raises the question of robustness of the results obtained by the unidimensional FGT measures.
In general, unidimensional poverty measures help us to get a general feeling of who is more deprived …nancially and needs to be "saved"…rst, though the policy implications are very limited as we know little about their standard of living as …nancial superiority may not mean as much in a province where markets to exercise that …nancial power are not complete or do not exist at all. Likewise, superior local governmental bodies (such as municipalities) may help to compensate for the lack of …nances up to a certain level by providing better services to the households living in that particular province. Therefore, in addition to …nancial wealth and income, the availability of public services is crucial as well. Table 4a shows the percentage of poor by using the headcount ratio (H) for each dimension in each province. In addition, Table 4b shows the rankings obtained from Table 4a . There are some signi…cant changes in the rankings among the provinces and variations in the rankings based on the gender of the household head do not always follow the overall ranking variations closely. Unexpected ranking results include the hunger (6th "best") and sexual/physical harassment (8th "best") rankings of Western Cape, which has the lowest deprivation levels in most of the other dimensions. Limpopo, a "rather" poor province, has the best hunger and sexual/physical harassment numbers, which is rather surprising. A possible explanation for these than those in Western Cape, and therefore, are less likely to self-report a harassment instance they have experienced. Similarly, the nutritional expectations of the people in Western Cape might be much higher than those in Limpopo (for example, some people may "adapt" to a full English breakfast and feel deprived if part of it is missing whereas others may not feel deprived with only plain bread as this is what they always had for breakfast). Therefore, the subjective hunger levels Western Cape inhabitants report might be higher than those reported in Limpopo because of di¤erences in expectations 19 which can 'bias'the hunger indicator. These results may cast further doubt on indicator selection. However, these selfreported results provide valuable insights as they are and there is a lack of data on better indicators (as mentioned in the previous section). Northern Cape, one of the better o¤ provinces, is especially deprived according to the phone/cell phone indicator. Relatively speaking, female-led households are better o¤ in dimensions which are provided by public services (such as phone/cell phone) and these households are deprived especially in worst o¤ provinces such as Limpopo and Eastern Cape . Therefore, it can be argued that female-led households su¤er the most when multidimensional poverty is particularly high in a given province.
In addition to Table 4b which ranks the provinces according to the deprivation level in each dimension, Table 5 compares the rankings as a result of the expenditure-based FGT measure, the AS measure (according to various power-mean options used) and the AF measure, by using both the core and extended lists. The results show that there are variations in the rankings obtained. As expected, the two multidimensional measures indicate closer rankings to one another than to the unidimensional FGT measure, though there are a number of variations between the two as well. Western Cape and Gauteng take the …rst two places independent of the measure being used. Northern Cape would be considered poorer if policy-makers were to employ the FGT measure as their criterion rather than the AS or AF measure whereas the opposite is true for KwaZulu-Natal and North West provinces. 
Policy Analysis
By allocating provincial revenues based on the unique provincial rankings 20 obtained using various families of measures, it is clear from the results section that di¤erent families of measures will yield di¤erent allocations. Even though the two extremes are relatively consistent 21 , implying Western Cape and Gauteng are the two least deprived and Limpopo and Eastern Cape are the two most deprived no matter which measure we use, mid-level rankings are less robust. For example, KwaZulu-Natal would receive a lot less revenue or would have to wait a lot longer to receive government resources under the income-based measures such as the poverty gap and P 2 as it is the third "best" province (or seventh "worst") but is the seventh "best" (or third "worst") under the multidimensional measures such as AS (when = 1) and AF (headcount and M 0 ) measures. The case of Free State would be the exact opposite. Qizilbash (2004) observes the same pattern.
This section explains the framework developed based on the AF measure to derive policy implications. The dimensional breakdown of poverty among provinces, using the framework developed in this paper based on the AF measure with the core list and equal weights, is shown in Table 6a & 6b.  Tables 7-9 report the "deprivation shares" and precise revenue allocations to each dimension using the extended list with three di¤erent weighting schemes (the PCA scheme [Table 7a & 7b], the BNA scheme [ Table 8a & 8b] and the equal weights scheme [ Table 9a & 9b]). These are the key tables for policymakers as they show the contribution of each province to overall poverty. The following explains the key assumptions made and the interpretation of these tables.
Current policy in South Africa is in ‡uenced by sections 214 and 227 of the South African Constitution which require that an equitable share of nationally raised revenue be allocated to the provincial sphere of government to enable it to provide basic services and perform the other functions allocated to that sphere (National Treasury 2008, pp.10). In South Africa, the grants used to allocate nationally-raised revenue among provinces can be categorised as unconditional grants or Provincial Equitable Shares (PES), conditional grants and rare non-conditional grants. Among the spheres of government (national departments, provincial and local governments), the provincial governments receive around 43% of the nationally-raised revenue. Of this 43%, around 82% of the provincial revenues (and around 85% of national transfers) between 2005-2008 was distributed through PES (Division of Revenue Bill, 2009). Therefore, the PES calculation is crucial for revenue allocations among the provinces. The total PES allocation for province l is given as:
where E l = education share (51%) -based on the size of the school age population (5-17 years of age) and the size of learners (the number of registered students from Grade R to 12) enrolled in public ordinary schools, F l = health share (26%) -based on share of the population with and without access to health care, B l = basic share (14%) -derived from each province's share of national population, I l = institutional component (5%) -divided equally between the provinces, S l = poverty component (3%) -reinforcing the redistributive bias of the formula and R l = economic output component (1%) based on GDP by region (GDP-R) data. Even if the weights assigned to each component re ‡ect the broad historical patterns 22 , these may look arbitrary now (Alm and Martinez-Vazquez 2009, pp. 26).
The GHS 2007 data is used for the technical analysis of this paper. To make it comparable with the PES scheme, the PES-suggested allocation results of 2008/09 …nancial year have been considered which are based on the datasets and household surveys of 2006 and 2007. There is a considerable di¤erence between the results obtained by the PES and the method derived in this paper, based on the AF measure. The following steps are taken in order to develop the AF-based method:
1) The "population" and the "dimension-weighted average" of each province, given in Tables 6a-9a, are multiplied. 2) The results, the population and dimension-weighted deprivation average of each province, are summed up to …nd the deprivation average of South Africa. 3) The provincial averages are then divided by South Africa's average to obtain the "deprivation share" of each province.
4) The total revenue to be allocated by the PES in 2008 (R199.4 million) is multiplied by each provincial deprivation share to obtain the overall revenue allocation for each province.
5) Furthermore, these overall revenues are allocated among the well-being dimensions by multiplying them with the dimensional deprivation shares calculated previously.
6) As a result, alternative allocations of the same total revenue have been obtained by using a framework based on the AF measure.
Dimensional "deprivation shares" indicate the contribution of each dimension to the overall M 0 (which is taken as 100%) in a particular province and these are independent of other provinces' deprivation results. Hence, the dimensional deprivation shares of two provinces should not be compared to each other unless these provinces have similar values in the "dimensionweighted average" column. For example, two of the least deprived provinces (Western Cape and Gauteng) have relatively similar poverty levels; however, the dimensional contributions vary signi…cantly. According to Table 6a , for example, the former is better o¤ in terms of health dimension whereas the education level is more satisfactory in the latter. Water is not a signi…cant problem in Western Cape unlike Gauteng. However, Gauteng is performing better in the nutrition dimension than Western Cape. Tables 6-9 show a detailed allocation scheme of revenues among the dimensions within each province according to the framework developed here, which is based on the AF measure and alternative weighting schemes. Table 10 reports the breakdown of multidimensional poverty according to the population groups. The GHS (2007) sample is nationally representative. Gauteng has the largest share of the population (24.5%), followed by KwaZulu-Natal (19%) and Eastern Cape (13.5%). Northern Cape has the least number of South Africans (2.2%), followed by Free State (6.6%) and Mpumalanga (6.7%) 23 . In terms of the population groups 24 , the distribution is dominated by "Africans" (78%), followed by "Whites" (12%), "Coloureds" (7.5%) and "Indians" (2.5%). Based on Table 10 , averages obtained using the AF measure, which are both dimension and population-weighted, show 23 The provincial populations used to calculate these ratios are available in Tables 6-9 . 24 "Africans" are black Africans, "Coloureds" are descendants of the mixed-race couples, "Indians" are descendants of Indian immigrants, "Whites" are descendants of European immigrants. These racial categories are inherited from the Apartheid era. the dramatic fact that more than 96% of total poverty in South Africa a¤ects Africans, followed by 3% Coloureds. Indians and Whites share the remaining half a percent, Whites being less deprived than Indians. The equal weights scheme have been employed for the results shown in Table 10 ; however, these results are robust to other weighting schemes available. Table 11 summarises the total provincial revenue-allocation …ndings (without detailed dimensional breakdown) of Tables 6-9 , and compares them with the current provincial revenue allocation by using the PES scheme. Based on the R199.4 million allocated to provinces in 2008, the AF measure suggests a higher level of revenue to be allocated to more deprived provinces such as KwaZulu-Natal and Eastern Cape and less revenue to relatively better-o¤ ones such as Western Cape and Gauteng, as shown in Table 11 . The di¤er-ence with the PES allocation can be as high as R24 million in the case of Eastern Cape, for example, when the BNA weighting scheme is employed.
Even though both of these methods share the same goals 25 in general, the PES formula is population-driven 26 whereas our allocation suggestions based on the AF measure are deprivation-driven. In addition, the ratios that lead to the ultimate weighted-average of PES are obtained through interprovincial calculations whereas the …nal outcome of the AF measure is province-speci…c. Hence, if there was a certain revenue for each component (i.e. education), PES would suggest (albeit controversially) how much of it should be allocated to a particular province 27 . However, since the revenues are allocated to provincial governments which further allocate 28 this revenue into individual components, it can be argued that the framework developed 25 The target of PES is "to strengthen the social services programmes that have a high impact on human development and quality of life" (National Treasury 2008, pp.11). Three main policy priorities underpinning equal share revisions are public schooling, health and social development programmes. 26 "Because the formula is largely population-driven, the allocations it generates are sensitive to and capture shifts in population across provinces". (National Treasury 2008, pp.12) 27 This would still be controversial as the criteria of this component is the size of the school-age population. A province with, say, …ve million school-age population where "only" one million are having di¢ culties in registering as a member of a school or to have a teacher would require less money than a province that has a school-age population of three million with two million of them being "education-deprived". 28 
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here based on the AF measure provides better guidance for within-province allocations. More importantly, the policy implications of PES are more obscure as the components are not always stated explicitly or the …nal outcome cannot be decomposed adequately 29 . Therefore, the policy implications of a decomposable multidimensional measure (such as the Alkire-Foster) are two-fold: Firstly, for a given set of weights, it suggests a unique provincial ranking that a¤ects the initial allocation of funds from the central government. Intuitively, given that the measure itself is robust, these ranking should be more reliable as the AF measure considers a wide range of dimensions that a¤ect the well-being of the citizens. Secondly, it further decomposes the overall poverty level shown by the measure into the dimensions chosen. This key virtue empowers the provincial governments to determine how to allocate the funds (as shown in Tables 6-9 ) and where to start. Moreover, it provides guidance for the central government to be able to oversee the process for policing purposes.
Conclusion
The application of Foster-Greer-Thorbecke, Anand-Sen and Alkire-Foster families of measures yield di¤erent provincial deprivation rankings in the South African context (Table 5 ). This paper takes the ranking analysis one step further and develops a framework based on the AF measure which provides direct policy implications in provincial revenue allocation. As a result, based on three weighting schemes, three provincial revenue-allocation schemes have been obtained (Tables 7a-9a ). More importantly, based on ten well-being dimensions, precise dimensional allocation of these revenues have been calculated for each province (Tables 7b-9b) .
Di¤erent poverty measures yield di¤erent provincial allocations of lumpsum revenues; however, due to the necessity for multidimensional decomposability, only a limited number of measures can precisely allocate this sum to individual well-being dimensions. The Provincial Equitable Shares method, which is currently used in South Africa, is population driven whereas the decomposable AF measure is deprivation-driven. Hence, the AF-based framework developed in this paper suggests higher revenues 30 to be allocated to poor provinces such as KwaZulu-Natal and Eastern Cape (as high as R24 million when BNA weighting scheme is used) and lower revenues to be allocated to relatively better-o¤ provinces such as Western Cape and Gauteng, as opposed to the current PES allocation scheme. The results are robust to alternative selections of across-dimension cut-o¤s and weighting schemes. 
Appendix
Poverty-Line Adjustments for FGT measures
The poverty lines used and the policy suggestions they yield vary according to each individual municipality. The Department of Provincial and Local Government (DPLG) recommends R800 as an income threshold but municipalities use two and three-folds of this quantity per month (Woolard and Leibbrandt, 2006) . Therefore, for comparability, we use R800, R1600 and R2400 poverty lines which yields R827, R1655 and R2483, respectively, in July 2007 prices. These values have been used in this paper and the formula used to obtain them is the same as below. In addition to these three lines that we have used to estimate the headcount ratio at the household level, we consider the Consumer Price Indexadjusted $1/day and $2/day poverty lines here for comparison purposes. In order to calculate the purchasing power parity (PPP) conversion factors to adjust for in ‡ation changes since the end of the Apartheid era (1993), we use the Consumer Price Index (CPI) for the month of survey (July 2007) and the technical explanations are given in Woolard and Leibbrandt (2006) . CPI data is available in Statistics South Africa (SSA) and the PPP data is from (Aart, 2007) , a crude estimate of the average household size would be 3.51 (given that it was 4.48 in 1996 and 3.69 in 2005 and the trend is downwards since then). Therefore, the household correspondence of the "$1-a-day" (per person) would be R448.23 (and similarly, "$2-a-day" would be R896.46).
Axioms (mentioned)
A complete list of axioms can be found in the Alkire and Foster (2007) . The axioms used here are the following:
Decomposability -for any two subgroups (n 1 and n 2 ) of the population n, with achievement matrices x 1 and x 2 , we have M (x; z) = n 1 n M (x 1 ; z) + n 2 n M (x 2 ; z) Weak Monotonicity -if a new matrix x is obtained from another matrix y by a simple increment, then M (x; z) M (y; z).
Monotonicity -in addition to weak monotonicity condition, the following condition should be satis…ed: if a new matrix x is obtained from another matrix y by a deprived increment among the poor, then M (x; z) M (y; z).
Dimensional Monotonicity -if a new matrix x is obtained from another matrix y by a dimensional increment among the poor, then M (x; z) M (y; z):
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